Abstract-A method of frequency offset is proposed in this paper in Multi-Input Multi-Output (MIMO) orthogonal frequency division multiplexing (OFDM) systems which is the improvement of Schenk and Zelst's method. In the new method a two-steps strategy is adopted. First a small correlation span is used to get large estimation range. After the estimated frequency offset is compensated, a large correlation span is used to make the estimation more precise. The simulations in AWGN channel and Rayleigh channel verified the valid of the proposed algorithm.
INTRODUCTION
Modern mobile communications systems are developing towards faster transmission rate, better transmission quality, higher spectrum efficiency, and larger system capacity. Orthogonal frequency division multiplexing (OFDM) is a promising technology to achieve these qualities [1] . For OFDM, its most attractive property is that it is very effective in combating frequency-selective fading. Therefore it has successfully been used in DAB [2] , DVB [3] and HIPERLAN/2 [4] . But one of the disadvantages of OFDM is its sensitive to frequency offset. And frequency offset estimation is more important in MIMO OFDM systems than SISO OFDM systems because in this case the interference is larger.
Up to now, there are few papers which involved in frequency offset estimation in MIMO OFDM systems. Mody proposed a method using repeated data as training sequence to realize fine frequency offset estimation [5] [6] . Coarse frequency offset estimation is done in frequency domain by using the FFT transform of the training sequence. Schenk also used repeated data as training sequence to realize coarse and fine frequency synchronization in one step in time domain [7] . Its range of estimation is inverse proportion to length of repeated data. And different antenna uses the same data but with different initial state. Yao yao proposed a frequency offset estimation in MIMO OFDM systems with the suppose that frequency offset between transmit antennas and receive antennas is different but time delay is the same [8] .
In this paper we study the frequency offset estimation in MIMO OFDM system in the condition that both frequency offset and time delay between transmit antennas and receive antennas are the same. We realize frequency offset estimation by using different training sequence on different transmit antennas. A two-step strategy is adopted for large estimation range and precise estimation. The simulations conducted in AWGN and Rayleigh channel verified the valid of our methods.
II. SYSTEM DESCRIPTION
The MIMO OFDM system can be depicted as Fig. 1 . Supposed the MIMO OFDM systems have Q transmit and L receive antennas, denoted as a Q×L systems. To distinguish the antennas and estimate the frequency offset, a unique training sequence should be assigned to each transmit antenna. Training sequences of length N are placed on the transmit antennas which are composed of repeated sequence. Tufvesson proposed a synchronization method for Single-Input Single-Output (SISO) OFDM system with perfect performance [9] . Here in MIMO OFDM systems the training sequences on transmit antenna are also composed of repeated PN (pseudo-noise) sequences which have good cross-correlation function to eliminate the interference of inter-transmit antennas. We use the training sequences to distinguish the transmit antennas and realize frequency offset estimation. The structure of the training sequence is showed in 
Here PN m [k] is the sequence with good cross-correlation function. The cross-correlation property of the PN sequences in partial area can be written as
c is a value which is not more than 2 K . When PN sequence is a Gold sequence, the cross-correlation function of it satisfies formula (2). By using the PN sequence defined as The received signal of j th received antenna can be written as
here j is the index of receive antenna, c j is the training sequence on the j th transmit antenna. 
Here P is a parameter used for adjusting the frequency offset estimation range and precise. Always we choose P=1. For large P, the estimation is more precise. In formula (4) the receive and transmit diversity is used. The frequency offset estimation range is ( )
In the proposed method, a two-step strategy is used. In the first step, P=1 is chose for large estimation range, after the estimated frequency offset is compensated, P=H/2 is chose for the second frequency offset estimation. Using the method proposed in [10] , the estimated variance of the method proposed here is
where SNR is the signal noise ratio per receive antenna. From formula (5) it can be found that the estimated variance is independent of the period of the PN sequences K while in Schenk and Zelst's method not. The variance of the proposed method is inverse proportion to SNR and FFT length N.
IV. THE PERFORMANCE OF FREQUENCY SYNCHRONIZATION
In Beyond 3G system, the carrier frequency is 3.2 G Hz.
N=1024, K=127, ε=1.8. PN sequence is Gold sequence. For all results 10000 independent runs were simulated for a MIMO OFDM system. The simulation is run in AWGN and COST 207 channel [11] with moving speed 5 km/h and 60 km/h. The parameters of COST 207 channel used in the simulations is showed in TABLE 1. In AWGN channel a 4×3 and 4×4 MIMO systems is considered.
The estimation variance in AWGN channel is showed in Fig. 3 and Fig. 4 . The theory analysis values in the figure are calculated by formula (5) . When SNR is large, the improvement of the proposed method (P=4) to the conventional method (P=1) becomes small. This is because the interference of inter-transmit antenna is large when SNR is large. From Fig. 3 and Fig. 4 we can find the theory analyses and the simulation results are very close especially SNR is large for in this case some assumptions in the calculations of formula (5) hold. 
